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Materials

Dimethyl sulfoxide (DMSO, 99.9%) was purchased from Macklin. Polyethylene 

glycol (PEG, hydroxyl-terminated, CAS: 25322-68-3) with an Mw of 400, 2,000, 

4,000, 5,000, 6,000, 8,000, 10,000, and 20,000 was purchased from Sigma-Aldrich. 

Ultra-pure water (18.2 MΩ·cm) was used to prepare organohydrogels.

Preparation of organohydrogels by the one-step method 

There are three ways to prepare organohydrogels in one step: PEG was dissolved in 

water to make the aqueous solution, which further would be mixed with DMSO; PEG 

was dissolved in DMSO to make the organic solution, which further would be mixed 

with water; DMSO and water were mixed and heated to 70°C in prior to adding PEG, 

then the PEG binary solution was cooled to form organohydrogels. PEG with an Mw 

of 20,000 was used to prepare organohydrogels for characterizations.

Calculation by first-principles density functional (DFT) theory

The adsorption energy calculations of H2O in PEG-H2O-PEG, PEG-H2O-DMSO, 

PEG-H2O-H2O, DMSO-H2O-DMSO, DMSO-H2O-H2O, and H2O-DMSO-H2O were 

theoretically performed by the Gaussian 16 suite of programs 1. The media was 

composed of 30 vol.% water and 70 vol.% DMSO. The geometry optimization was 

carried out by the B3LYP-D3BJ/TZVP level of theory. The vibrational frequencies of 

the optimized structures were calculated simultaneously and equivalently. The local 

energy minimum on the potential energy surface was used to indicate the structures 

by confirming the real vibrational frequencies. The solvent effect was included in the 

calculations based on the Polarizable Continuum Model (PCM) using the integral 

equation formalism variant (IEFPCM). The single point energies were calculated at 

the B3LYP-D3BJ/ma-TZVPP level of theory. The Atoms in Molecules (AIM) 

analysis was performed by using the Multiwfn software to estimate the inter-

molecular hydrogen bonding energies in different sites based on the electron density 

distribution at the bond critical points (BCP) 2-4. 



Fourier transform infrared (FTIR) spectroscopy 

The data of FTIR was measured by the Fourier infrared spectrometer (Nicolet, 

iS50) equipped with a temperature control module. All liquids and organogels were 

tested by the attenuated total reflection (ATR) accessory, while solids were tested by 

the transmission mode. The wavenumber range was from 600 to 4000 cm‒1, the 

ambient temperature of testing unheated samples was set as 20°C, and all data were 

normalized as appropriate.

Micro-CT imaging of organohydrogels

Micro-CT images were carried out by the high-resolution micro-CT scanner 

(Bruker, SKYSCAN1272). The scan scope was acquired over 1000·1000 μm, and the 

resolution was set as 500 nm. The calculation of fractal dimension was conducted 

using Image J software. Images were first binarized and segmented, and then the 

Fractal Box Count plugin was used to calculate the fractal dimension. 

Differential scanning calorimetry (DSC)

Thermal analyses were conducted by differential scanning calorimeter 

(METTLER TOLEDO, DSC1). The binary systems with 1, 5, 10, 15, 20, 25, 30, 35, 

40, and 99 vol.% water were measured from 60 to 0°C and 0 to 60°C, respectively. 

The change rate of temperature was 2 °C/min. The soaking time before cooling and 

heating was 10 min. The low-temperature testing of the organohydrogel was cycled 

once between 0 and ‒70°C at a rate of 2 °C/min. The calculation of the relative 

crystallinity of PEG in organohydrogels was conducted following the equation:

Relative crystallinity (%) =
MOHG × ∆HOHG

MPEG × ∆HPEG
× 100

where MOHG and MPEG are the mass of organohydrogels and PEG in organohydrogels, 

and ΔHOHG and ΔHPEG are the enthalpies of organohydrogels and neat PEG during 

cooling.



Rheological measurement

The rheology of organohydrogels was investigated by the rotational rheometer 

(Anton Paar, MCR302). Strain sweep was performed from 0.001 to 100% (1 Hz), 

temperature sweep was cycled once between 5 and 55°C (0.01% strain and 1 Hz), and 

cooling sweep started at 10°C and ended at ‒25°C (0.01% strain and 1 Hz). The 

thixotropic ring was obtained from the cycled shear rate sweep between 0 and 130 s‒1. 

Characterization of wide-angle scattering (WAXS) and X-ray diffraction (XRD)

WAXS and XRD measurements were performed by X-ray scatterer (Xenocs, 

Nano-inXider) and an X-ray diffractometer (Bruker, D8 ADVANCE), respectively. 

The testing q value was from 0.35 to 4 Å for WAXS. 2θ was from 5 to 60° for XRD 

measurement at 25°C.

Scanning electron (SEM), transmission electron (TEM), and polarized light 

microscopy 

SEM and TEM images were observed by the cold field scanning electron 

microscope (HITACHI, SU-8010) and transmission electron microscope (HITACHI, 

H-7650), respectively. Polarized light micrographs were captured by the light 

microscope with the polarized light sheet (Nikon, E600POL). Organohydrogels were 

dried in ambient air before being observed by SEM. The organohydrogel would be 

diluted and filtered using the 0.8 μm filter membrane for the TEM measurement.

 

Drying resistance ability

The drying resistance ability of organohydrogels was measured at ambient air (indoor, 

Hangzhou, China) and dry condition (30% relative humidity and 20°C), respectively. 

The weight of organohydrogels was recorded for 1 week in ambient air, while that 

was recorded for 1 d in the dry condition.



Table S1. The adsorption energy of water connecting with PEG, DMSO, or water at 

two ends.

B sideAdsorption energy
(water, kcal/mol) PEG DMSO Water

PEG ‒12.133 ‒12.368 ‒11.982
A side

DMSO ‒14.272 ‒13.106



Table S2. The DSC data of organohydrogels and the relative crystallinity of PEG in organohydrogels.

Cooling Heating
Water

(vol.%) Tonset (°C) Tpeak (°C) Tendset (°C)
Exothermic 

enthalpy
(J/g, Abs)

Tonset (°C) Tpeak (°C) Tendset (°C)
Endothermic 

enthalpy
(J/g, Abs)

Relative 
crystallinity

(%)
5 15.49 ± 0.12h 11.71 ± 0.15h 9.47 ± 0.10f 4.45 ± 0.02g 32.35 ± 0.13g 35.66 ± 0.16h 37.56 ± 0.13i 4.95 ± 0.03f 59.41 ± 0.27f

10 24.27 ± 0.08f 21.03 ± 0.13f 14.34 ± 0.11e 4.49 ± 0.01f 34.41 ± 0.12f 37.04 ± 0.14g 38.80 ± 0.09h 4.93 ± 0.01f 59.94 ± 0.13f

15 27.60 ± 0.11d 24.81 ± 0.11d 21.51 ± 0.10c 4.82 ± 0.03e 39.24 ± 0.08d 41.36 ± 0.11e 42.90 ± 0.14f 4.97 ± 0.04f 64.35 ± 0.40e

20 32.00 ± 0.09b 29.33 ± 0.09b 27.06 ± 0.08a 5.00 ± 0.02d 41.71 ± 0.17c 43.48 ± 0.09d 45.08 ± 0.07d 5.30 ± 0.02d 66.75 ± 0.27d

25 33.00 ± 0.05a 29.90 ± 0.08a 27.10 ± 0.12a 5.96 ± 0.03a 42.76 ± 0.11a 45.23 ± 0.06a 46.68 ± 0.12a 6.19 ± 0.05a 79.57 ± 0.40a

30 31.51 ± 0.10c 28.01 ± 0.12c 25.06 ± 0.14b 5.58 ± 0.03b 42.89 ± 0.06a 44.47 ± 0.12b 46.29 ± 0.08b 5.96 ± 0.02b 74.50 ± 0.44b

35 26.58 ± 0.12e 22.81 ± 0.14e 19.07 ± 0.16d 5.21 ± 0.04c 42.09 ± 0.09b 43.92 ± 0.11c 45.66 ± 0.09c 5.58 ± 0.05c 69.56 ± 0.53c

40 20.75 ± 0.05g 13.09 ± 0.17g 0.63 ± 0.09g 4.83 ± 0.02e 39.09 ± 0.10d 41.43 ± 0.08e 43.13 ± 0.14e 5.18 ± 0.01e 64.48 ± 0.27e

45 13.58 ± 0.07i 8.52 ± 0.11i 0.54 ± 0.06g 2.94 ± 0.05h 38.11 ± 0.12e 39.20 ± 0.10f 40.40 ± 0.12g 3.03 ± 0.03g 39.25 ± 0.67g

Values are presented as means ± SD. a-i mean the significant difference (p < 0.05). 



Figure S1. Optimized structure and DFT analysis of the water molecule 

connected with one H2O and one DMSO (two H2O bonded).



Figure S2. The FTIR data of organohydrogels (30 mg mL−1 of PEG) with 15, 25, and 

35 vol% water, respectively.



Figure S3. a) WAXS patterns of organohydrogels (30 mg/mL, 25 vol.% water) at 

20°C (blue line) and 70°C (red line). b) WAXS pattern of neat PEG (Mw=20,000). 

Insets are corresponding 2D scattering patterns.



Figure S4. XRD data: a) neat PEG (Mw=20,000); b) the organohydrogel (30 

mg/mL of PEG and 25 vol.% water), inset is the polarized-light micrograph of the 

organohydrogel.



Figure S5. SEM micrographs of dried organohydrogels (30 mg/mL of PEG): a) 

the organohydrogel prepared by 30 vol.% water; b) the precipitation prepared by 10 

vol.% water; the flocculation prepared by 10 vol.% water. The second row represents 

the corresponding enlarged micrographs.



Figure S6. DSC data of cooling PEG (Mw=20,000) from 70 to 25°C. The 

exothermic enthalpy is 171.53 J/g, the peak temperature is 48.71°C, and the Tonset and 

Tendset are 52.39 and 44.93°C, respectively. 



Figure S7. DSC data of organohydrogels (30 mg/mL of PEG) prepared by 5-40 vol.% 

water: a) the exothermic process of cooling; b) the endothermal process of heating. 

Detailed data can be found in Table S2.



Figure S8. DSC data of the binary solutions with 99 and 1 vol.% water, respectively: a) 

DMSO in the group with 1 vol.% water is frozen at 4°C during the cooling process 

(118.24 J/g); b) the exothermal process during heating. No thermal fluctuations of 

PEG appear in the groups with 99 and 1 vol.% water.



Figure S9. DSC data in the temperature range of ‒70 to 5°C of the organohydrogel 

(30 mg/mL of PEG) prepared by 25 vol.% water. No freezing of DMSO and water 

can be found. 



Figure S10. Rheological study of organohydrogels (30 mg/mL of PEG): a) strain 

sweep from 0.001 to 100% with the frequency of 1 Hz; b) and c) shear rate sweep 

between 0 to 130 s (25 vol.% water); d) time sweep with alternating 0.01 and 10% 

strain (1 Hz and 25 vol.% water).



Figure S11. The moisture retention rate of organohydrogels in (a) ambient air for 7 d 

and (b) dried air (30% relative humidity) for 7 h, respectively.



Figure S12. TEM micrographs of semicrystalline: a) the filtered crystal clusters (100-

200 nm); b) the enlarged graph of a cluster composed of many crystal nuclei (10 nm).  
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